1. Introduction {#sec0001}
===============

Tuberculosis (TB) is a disease caused by the bacterium *Mycobacterium tuberculosis*. TB spreads from person to person through tiny droplets released into the air when infected people who have active TB cough or sneeze. *Mycobacterium tuberculosis* infects about one-third of the world\'s population, of whom more than 80% live in developing countries like Iran. Only 57% of all patients with TB are diagnosed in Iran. [@bib0001], [@bib0002] Since the TB diagnostic tests are not highly sensitive to confirm the effectiveness of antitubercular therapy in some patients, especially in elderly patients, the symptoms might result in false positive results. [@bib0003]

Trace elements such as iron (Fe), copper (Cu), lead (Pb), arsenic (As), selenium (Se), calcium (Ca) and zinc (Zn) are essential nutrients and play an important role in many biological systems. [@bib0004], [@bib0005], [@bib0006], [@bib0007] The functions of these metals are crucial to the maintenance and growth of human tissues and organs. [@bib0008], [@bib0009] Moreover, these elements now have been determined as a potential key factor in many infectious diseases. A set of evidences indicated that some transition metals help immune system suppress microorganisms such as Mycobacterium tuberculosis. [@bib0010], [@bib0011]

Iron is necessary for *M. tuberculosis* growth in macrophages, and increased iron intake is associated with developing active tuberculosis infection and its mortality. [@bib0012], [@bib0013], [@bib0014] Several studies have suggested that the excess iron in human body assists Mycobacterium tuberculosis and HIV multiplication which can lead to a HIV-TB co-infection in many patients. [@bib0015], [@bib0016], [@bib0017], [@bib0018] The role of iron in the pathogencity, growth and metabolism of M. tuberculosis depends on the acquisition of iron from host resources, therefore high prevalence of iron deficiency anemia is usually observed among TB infected patients. [@bib0019], [@bib0020]

Zinc is used by the cells of the immune system to destroy bacteria such as tubercle bacilli or Escherichia coli. [@bib0021], [@bib0022] The lower levels of zinc in blood sample of TB and TB- HIV infected patients have been reported in some previous studies. [@bib0003], [@bib0023], [@bib0024] Many bacteria such as M. tuberculosis have DNA-binding metal-responsive transcriptional repressors that can regulate the transcription process. [@bib0025] Lead (Pb) is one of those metals able to alleviate the repression process so that it promotes the mycobacterium transcription. [@bib0026]

The role of copper in biological systems originates from its presence in the structure of many enzymes that act in oxidative and reductive reactions, such as cytochrome oxidase, lysyl oxidase, superoxide dismutase, ceruloplasmin, and metallothioneins. [@bib0027] Although copper has many biological benefits, its overload is toxic, and could inhibit *M. tuberculosis* growth. [@bib0028] In a study on pigs, TB infection was controlled by increasing copper concentration in lung lesions. [@bib0029]

It is believed that arsenic is an immunosuppressant and also a cause of chronic lung disease. Hence, it may intensify the TB infection. Smith et al. showed that the mortality from pulmonary tuberculosis was increased in arsenic-exposed individuals in the Chilean cohort. [@bib0030]

Selenium is an essential trace element which is important in immunity against microorganisms. However, blood selenium levels are lower in patients who suffer pulmonary tuberculosis and TB-HIV infection. [@bib0031] Higher mortality among TB infected patients is related to low levels of blood selenium. [@bib0032] Consumption of Selenium-Vitamin E supplements has been highly recommended due to its potential to decrease the reactive oxygen species and increase antioxidant activities in pulmonary tuberculosis patients. [@bib0033]

Hypocalcemia is a problem in tuberculosis which is related to poor nutritional status, therefore calcium phosphate agents are proposed to be used during anti-TB therapy. [@bib0034]

Heavy metals have some effects on the respiratory tract, epithelial cells, endothelial cells, and alveolar macrophages. [@bib0035] Immune system has different and complex interactions and there are many targets for metals to affect the functions of the cells which are involved in Immune response. [@bib0036], [@bib0037]

Given the lack of information regarding the levels of trace elements in pulmonary tuberculosis patients in Iran, we aimed to investigate the serum concentrations of Cu, Zn, Ca, Se, As, Pb and Fe in both TB patients and healthy controls.

2. Materials and methods {#sec0002}
========================

2.1. Study groups {#sec0003}
-----------------

This cross sectional study was carried out on 320 subjects, and two groups were formed: patient and healthy. Of the total of 320 samples, there were 160 normal healthy individuals and 160 patients with active TB. All the TB samples were collected from difinitly diagnosed pulmonary tuberculosis cases attending TB centers and hospitals in Sistan, Iran. Patients with another diagnosed pulmonary co-morbidity such as asthma, pneumonia, chronic obstructive pulmonary disease (COPD) and pulmonary malignancies were excluded. Healthy individuals were selected using probability sampling. Therefore, first Zabol (the sampling region) was divided into six areas. Then, we picked two zones in each area. We referred to the homes, and asked about exposure to TB or other pulmonary diseases. All of the subjects were physically examined by a trained physician. Finally, we selected 15 healthy subjects from each zone. We obtained written consent after complete explanation about the study from healthy individuals, tuberculosis patients or their parents or legal guardians. It was done in accordance with the Declaration of Helsinki. The local medical ethical committee has approved the study.

2.2. Sample preparation {#sec0004}
-----------------------

Blood was collected into vacutainer tubes without any additives. Immediately after collection, each blood tube was centrifuged at 2500 rpm for 15 min in order to separate blood cells and serum. The sera were poured into polyethylene tubes and kept frozen at −20 °C until the time for the element analysis.

2.3. Determination of trace elements in serum {#sec0005}
---------------------------------------------

In order to determine the levels of Cu, Zn, Ca, Se, As, Pb and Fe in the serum samples, 10 ml of concentrated nitric acid was added to 1 ml of serum in a beaker and heated below for 3 hours, below boiling point, on a hot plate. When the volumes of the samples reduced to about one-third, 5 ml of 30% hydrogen peroxide solution was added. The samples were further heated almost to dryness at the same temperature. Finally, the residues were dissolved in 50 ml of 1% nitric acid and were filtered.

The prepared samples were transferred into 50 ml polyethylene tubes for trace element analysis. To measure Cu, Zn, Ca, Pb and Fe Flame Atomic Absorption Spectrometry (FAAS) (model WFX-210, Rayleigh, China), and to measure Se and As Hydride Generation Atomic Absorption Spectroscopy (HGAAS) (model WFX-210, Rayleigh, China) were used. [@bib0038], [@bib0039]

2.4. Statistical analysis {#sec0006}
-------------------------

Statistical analysis was carried out using SPSS version 18 statistical package for social sciences (SPSS Inc., Chicago, IL, USA). [@bib0040], [@bib0041], [@bib0042] The main instrument parameters are shown in [Table 1](#tbl0001){ref-type="table"}. Mean concentrations of the elements were compared between cases and controls using independent T test (for normally distributed variables) or Mann Whitney U test (for non-normally distributed variables). P-value less than 0.05 was considered statistically significant.Table 1The main instrument parameters.Table 1Flame atomic absorption spectrometry (FAAS)ElementWavelength(nm)Slit width (nm)Lamp current (mA)Burner height (mm)Acetylene flow (L/min)Air flow (L/min)Cu324.80.54101.7013.5Zn213.91.04102.0013.5Fe248.30.28102.5013.5Pb283.30.74102.513.5Hydride generation atomic absorption spectroscopy (HGAAS)NaBH~4~ concentration0.5%NaOH concentration1MNaOH/NaBH~4~ flow-rate0.33 ml min^-1^HCl concentration5%HCl flow-rate0.33 ml min^-1^Sample flow-rate0.33 ml min^-1^Wavelength(nm) for As193.7 nmWavelength(nm) for Se196.0 nm

3. Results {#sec0007}
==========

A total of 160 tuberculosis patients aged between 17 and 87 years were included in this study. Out of all TB patients, 95 cases (52.7%) were males and 85 cases (47.3%) were females. Mean±SD BMI was 21.3 Kg/m2.Mean serum levels of Cu, Zn, Ca, Se, As, Pb and Fe were 102 ± 9.8 (µg/dl), 72 ± 9.6 (µg/dl), 12 ± 1.2 (mg/dl), 55 ± 16.8 (µg/dl), 5.5 ± 2.8 (µg/dl), 26 ± 6.5 (µg/dl) and 54 ± 12.9 (µg/dl) respectively.

Totally 160 normal healthy volunteers aged between 12--85 years were entered to our experiment. Of 160 healthy controls, 87 cases (48%) were males and 93 cases (52%) were females. Mean of BMI for this group was 21.04 Kg/m2. As shown in [Table 2](#tbl0002){ref-type="table"}, the mean ± SD. Concentrations of Cu, Zn, Ca, Se, As, Pb and Fe were found to be 91 ± 7.5 (µg/dl), 95 ± 8.4 (µg/dl), 13 ± 0.9 (mg/dl), 76 ± 13.2 (µg/dl), 3.52 ± 1.0 (µg/dl), 10.8 ± 4.3 (µg/dl) and 78 ± 17.6 (µg/dl) respectively.Table 2The means of the elements in the blood of the patients and control groups.Table 2Trace elementsControl group (mean ± SD)Patients whit TB (mean ± SD)N = 160N = 160Cu (µg/dl)91 ± 7.5102 ± 9.8Zn (µg/dl)95 ± 8.472 ± 9.6Ca (mg/dl)13 ± 0.912 ± 1.2Se (µg/dl)76 ± 13.255 ± 16.8As (µg/dl)3.52 ± 1.05.5 ± 2.8Pb (µg/dl)10.8 ± 4.326 ± 6.5Fe (µg/dl)78 ± 17.654 ± 12.9Cu/Zn0.9 ± 0.81.44 ± 0.2Cu/Se0.8 ± 0.62.04 ± 0.7

We observed that the mean values of trace elements in sera of TB patients and healthy controls were different. The mean ± S.D. concentrations of zinc, Selenium, and Iron were significantly lower in TB patients comparing with the control group (P \< 0.001) ([Fig. 1](#fig0001){ref-type="fig"}). On the other hand, the mean ± SD serum concentrations of arsenic, lead and copper were significantly higher in the patients compared with the control group (P \< 0.001) ([Fig. 2](#fig0002){ref-type="fig"}). Moreover, Cu/Zn and Cu/Se ratios were significantly higher in TB patients compared to the control group (P \< 0.001) ([Fig. 3](#fig0003){ref-type="fig"}). We also found that there was no significant difference between serum calcium in TB infected patients and control groups (P \> 0.05) ([Fig. 4](#fig0004){ref-type="fig"})Fig. 1Biometals which were decreased in TB patients. Zinc, Selenium, and Iron ion was measured in control (n = 160) and TB patients (n = 160) groups using Flame Atomic Absorption Spectrometry. The results 0showed that Zinc (**A**), Selenium (**B)**, and Iron (**C**) ions are significantly decreased in TB patients (*P* \< 0.001, \*\*\*).Fig 1Fig. 2Metals which were increased in TB patients. Lead, Arsenic, and Copper ions were measured in control (n = 160) and TB (n = 160) patients groups using Flame Atomic Absorption Spectrometry. The results showed that Lead (**A**), Arsenic (**B**), and Copper (**C**) ions are significantly increased in TB patients (*P* \< 0.001, \*\*\*).Fig 2Fig. 3Biometal ratios which were increased in TB patients. Copper/Zinc and Copper/Selenium ratios were measured in control (n = 160) and TB patients (n = 160) groups using Flame Atomic Absorption Spectrometry. The results showed that Copper/Zinc (**A**) and Copper/Selenium (**B**) ratios are significantly increased in TB patients (*P* \< 0.001, \*\*\*).Fig 3Fig. 4Serum Calcium did not change in TB patients. Calcium was measured in control (n = 160) and TB (n = 160) patients groups using Flame Atomic Absorption Spectrometry. The results showed that serum Calcium did not significantly changed in TB patients.Fig 4

4. Discussion {#sec0008}
=============

Several studies have been performed regarding trace elements concentration in tuberculosis patients throughout the world. [@bib0010], [@bib0043] However, due to the lack of such information in Iran, we aimed to evaluate the serum concentrations of metals such as copper, zinc, calcium, selenium, lead, iron and arsenic in patients with active pulmonary tuberculosis in Sistan which is the highest incident area of Iran. [@bib0044] According to the results of the present study, the serum levels of zinc were significantly lower in TB patients compared to healthy controls. Similar study was carried out by Taneja et al. They reported that the mean serum zinc concentration in pulmonary TB patients was significantly lower in contrast to the control group. [@bib0045] Ciftci et al. conducted a study on the serum concentrations of zinc in TB infected patients in Turkey. Similarly they observed a low zinc concentration in serum of patients. [@bib0046] Low serum zinc in TB patients could be due to the redistribution of zinc from plasma to other tissues, reduction of hepatic production of zinc-carrier protein α−2 macro globulin (α−2 M), and increasing the production of metallothionin, a protein that transports zinc to the liver. [@bib0046], [@bib0047], [@bib0048]

In addition to zinc, the serum iron level in TB patients was also low in the present study. Several studies illustrated the lower iron concentration in sera of TB patients compared to the control healthy cases. [@bib0012], [@bib0013], [@bib0017], [@bib0019] Boelaert et al. indicated that M. tuberculosis ability in multiplication within host macrophages depends on the available iron. [@bib0013] Hence, the iron deficiency that we observed in TB infected patients could be due to the mycobacterial iron consumption. [@bib0013], [@bib0015], [@bib0017], [@bib0049] Moreover, we also found that the serum level of selenium in TB patients was significantly lower compared to the healthier controls. A study in China was done by Liu et al. indicated a significantly low levels of molybdenum, zinc, copper, and selenium in the serum of tuberculosis patients. [@bib0050] Ramakrishnan et al. showed that serum levels of selenium in patients with active pulmonary tuberculosis are low when compared with healthy cases. [@bib0051] Selenium is an important component of anti-oxidative enzymes such as glutathione peroxidase (GPx) which is crucial in the protection of host cells from oxidative damage in inflammatory response and clearing tuberculosis. The antioxidant activity of selenium can alter mycobacterium DNA. To avoid DNA damage, M. tuberculosis has developed effective mechanisms to interrupt the activity of GPx. The impaired GPx can result in selenium deficiency in TB patients. [@bib0036]

Unlike zinc, selenium, and iron, significantly high levels of copper were observed in pulmonary TB patients. Similar results also obtained for arsenic and lead in the present study. In a survey conducted in Korea, patients with pulmonary TB had significantly higher serum copper and cobalt than healthy controls, while zinc and selenium concentrations were significantly lower. [@bib0043] There is a logical explanation for the association of high copper concentration in TB patient. Decrease in zinc levels, which occurs in TB patient, prevents entrance of the copper to the tissues, and this leads to elevation of serum level of copper. On the other hand, increase in serum level of some metals such as copper or cadmium results in lower absorption of serum iron that is in compliance with our study. [@bib0028], [@bib0052]

Like copper, most of the patients had high serum levels of lead. In line with this, Afridi et al. indicated significantly higher levels of Pb in scalp hair, blood, and urine samples of TB-HIV co-infected patients, compared with control subjects. [@bib0053] Lead can impair total antibody productions, and affects the lymphocytes as well. Although the mechanism of increased serum lead has yet to be elucidated, mycobacterium can escape immune system by using this strategy. [@bib0054], [@bib0055]

Elevated serum Cu/Zn ratio has been reported in patients with tuberculosis. The serum copper/zinc declined in patients' blood after anti-tuberculosis treatment. [@bib0003] Similarly, we indicated that the ratio of copper/zinc was higher in serum of TB patients compared to that in healthy individuals.

One of the limitations of our study is that we did not evaluate serum cadmium levels of the patients; it might affect serum iron level of the patient. Moreover, food consumption and nutritional status of people in Sistan should be evaluated, as there are several reports that reported malnutrition among healthy population in this region.

5. Conclusion {#sec0009}
=============

In conclusion, this study shows that serum levels of different trace elements in pulmonary tuberculosis patients are different compared to the healthy group. We observed low serum concentrations of zinc, iron, selenium, and in contrast, high serum concentration of copper, lead and arsenic in TB patients compared to the healthy cases. Since zinc, iron and selenium are crucial to the immune system function, the low concentrations of these elements can enhance human susceptibility to mycobacterium infection. Hence, Mycobacterium tuberculosis increases the host susceptibility by consuming zinc, iron, and selenium. In contrast, the bacterium escapes the immune system by increasing the serum levels of Pb and Cu as their heir serum concentrations impair human immune system function. However, further investigation should be done to clarify the role of each trace element in the function of host immune responses.
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